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Iterative Method for Determining Soil Water Diffusivity Based on One-dimensional

Horizontal Infiltration

XIONG Zhen', LONG Ping'", WANG Guanshi'?, HUANG Ying', LUO Sihai?, XIONG Ziyan'

(1 School of Civil and Surveying Engineering, Jiangxi University of Science and Technology, Ganzhou, Jiangxi 341000, China;
2 Jiangxi Provincial Key Laboratory of Environmental Geotechnical and Engineering Disaster Control, Ganzhou, Jiangxi
341000, China)

Abstract: This study employed the VG model to characterize soil water diffusivity, predefined model parameters, and utilized the
Philip method to calculate Boltzmann parameters corresponding to varying water content (6 — A data). Compared to the test values,
the interior point method was used to determining model parameter. Consequently, an iterative method for determining soil water
diffusivity was proposed. The applicability of the proposed method was verified through the Hydras-1D simulation and existing
literature data. Results revealed that with a testing error of less than 10% in water content, the determination coefficients of the
calculated soil moisture diffusivity consistently exceeded 0.995 0. When analyzing data on temporal water content variations (6 —
t data), the critical water content which was influenced by boundary effects exerted minimal impact on the calculated outcomes,
and even if it was below 0.280 m*/m?, the determination coefficient of the calculated results remained above 0.997 0. By contrast
with existing methods, this method can offset difficulties of accurately determining soil water diffusivity in high water content
ranges when the test data is 6 — ¢ data. Therefore, it is evident that the proposed method can accurately determine soil water
diffusivity, with minimal influence from testing errors and critical water content. These above findings can provide reliable values
for soil water diffusivity, aiding in the simulation of soil water movement.

Key words: Richards equation; Hydras-1D simulation; Horizontal imbibition; Soil water diffusivity; Philip method
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Fig.2 Comparison of calculated value and theoretical value of soil water diffusivity obtained from Hydrus-1D data by iterative method
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Table 2 Calculation results of @ — x data analysis by iterative method

+ 8 T SR MR IR 2 (%)
0 2 4 6 8 10
Hew + 0, 0.008 0.050 0.006 0.001 0.031 0.000
m 0.499 0.650 0.452 0.467 0.569 0.426
D, 0.785 0.391 1.063 0.937 0.562 1.274
R? 0.998 7 0.999 1 0.999 3 0.998 9 0.999 0 0.998 2
bl + 0 0.001 0.000 0.032 0.000 0.000 0.037
m 0.363 0.365 0.399 0.373 0.382 0.411
D, 0.853 0.834 0.712 0.777 0.719 0.654
R? 0.999 4 0.999 4 0.998 4 0.999 3 0.999 1 0.999 1
PR+ 0 0.059 0.080 0.020 0.073 0.122 0.000
m 0.262 0.302 0.206 0.293 0.432 0.187
D, 0.648 0.448 1.220 0.480 0.177 1.562
R? 0.998 9 0.999 2 0.996 0 0.999 5 0.999 1 0.996 1
B+ 0. 0.034 0.016 0.092 0.000 0.075 0.062
m 0.302 0.274 0.448 0.253 0.377 0.344
D, 0.531 0.688 0.188 0.838 0.306 0.393
R? 0.999 3 0.998 7 0.999 4 0.998 8 0.999 2 0.998 7
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Fig. 3 Response surfaces of VG model parameters on soil water diffusivity in loam soil
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Fig.4 Change of volumetric water content with time
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Table 3  Calculation results of § — ¢ data analysis by iterative method
+ 55 24 x(m)
0.100 0.300 0.500 0.700 0.900
Hewb + O, (m*/m®) 0.014 0.032 0.025 0.024 0.033
m 0.833 0.623 0.559 0.566 0.557
Dy(m?/d) 0.156 0.422 0.583 0.557 0.612
R 0.995 5 0.998 7 0.998 9 0.998 8 0.998 5
fibHE 1 O(m*/m’) 0.014 0.000 0.000 0.050 0.037
m 0.504 0.375 0.364 0.451 0.417
Dy(m?/d) 0.334 0.774 0.844 0.511 0.631
R’ 0.994 2 0.999 0 0.999 3 0.999 1 0.998 7
A+ O(m*/m°) 0.013 0.000 0.036 0.047 0.039
m 0.322 0216 0.240 0.246 0.231
Dy(m*d) 0.321 0.982 0.787 0.752 0.907
R 0.9812 0.997 7 0.998 6 0.998 7 0.997 9
Bt A(m*/m?) 0.000 0.044 0.011 0.023 0.004
m 0.381 0.360 0.277 0.285 0.255
Dy(m?*/d) 0.250 0.330 0.653 0.613 0.833
R 0.987 3 0.998 7 0.999 1 0.999 2 0.998 4
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Table 4 Basic parameters of soil column in literature and calculation results of iterative method
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